Introduction
The ruminal acidosis is one of the most important feeding-conditioned diseases of the dairy cow [1] [2] . The disease manifests itself in a huge number of clinical symptoms and leads to considerable economic losses in the dairy cattle industry. The observation of the state of health of the cattle is urgently necessary particularly in the case of livestock farming in big herd, by an objective and diagnostically conclusive measuring methodology. Current research projects of the fzmb deal with the development of a monitoring system for the continuous pH-measurement in vivo in the rumen of cattle for the optimisation of the feed application and for the improvement of the animal health in cattle farming. The position of the pH-measuring bolus plays an essential role for the continuous pH-measurement in vivo in the rumen, because its position changes by the reticuloruminal motility and the independent movement of the animal constantly. On this account the movement pattern of the pH-measurement bolus was evaluated and recorded with a magnetic detector system for one hour during feeding.
Rumen movement
In the course of evolution ruminants developed a forestomach system consisting of fermentation chambers in which protozoa, bacteria and fungi macerate the forage under anaerobic conditions. Functionally, reticulum and rumen form a unit called reticulorumen. An important prerequisite for effective microbial digestive processes is the constant mixing of the ingesta in the reticulorumen. The contraction of the ruminal pillars, which as strong muscle bulges project into the lumen of the rumen, allows a more intense circulation of the ingesta in the reticulorumen. After swallowing, the roughly chewed feed is pushed by reticuloruminal motility dorsally and is in a thick mat of roughly structured digesta in the dorsal sac. The rumination leads to a decrease of particle size and an increase of particle density. The comminute particles precipitate gradually into the ventral sac. Due to the contraction of the ventral sac the particles reach the Atrium ruminis and subsequently the reticulum. The contraction of the individual segments of the reticulorumen must proceed in a coordinated sequence in order to fulfill their function. The reticuloruminal motility allows a more intense mixing of the digesta, the eructation of the rumen gases and the regulated further transport of the digesta into the omasum. In a healthy animal about three contractions take place within two minutes. During the feed intake the contraction frequency is nearly doubled [3] [4].
Methods
In the following segments the function of the magnetic detector system and the experimental approach are explained.
Magnetic detector system
The high-resolution three-dimensional magnetic detector system (3D-MAGMA) was developed by the Matesy GmbH. This system allows the investigation of the mechanical processes in the gastrointestinal tract [5] [6]. The procedure is based on a continuous tracking of a magnetic capsule on its natural way through the digestive tract. The examination duration can be expanded arbitrarily. The measuring system consists of nine modules each equipped with three AMR sensors (anisotropic magneto-resistive) and an electronic control unit. The mounting of the measuring system is made of the non-magnetic materials Plexiglas® and aluminium profiles. The measurement procedure is based on the evaluation of the quasi-static magnetic field, which persists around the magnetic capsule. The position and orientation of the magnetic capsule is determined indirectly by a comparison between the field distribution resulting from a simulation of the position and the actually measured magnetic field distribution.
Experimental approach
At first the magnetic detector system was calibrated. It was fastened with screw connection to an aluminium rack and placed saddle-like on the back of the cattle. Thus, the magnetic detector system was at a level with the ventral sac as well as with the opening between rumen and reticulum (Ostium ruminoreticulare). Through a surgically made rumen access (fistula) a permanent magnet (m = 12 Am²; NdFeB magnet; geometry 5.5 x 2 x 1 cm; magnetisation through the width 2) was introduced into the ventral sac of a cow. The shell of the magnet (ruminal bolus) resembles the rumen cage magnets used in cattle practice. The dimensions of the ruminal bolus were 35 mm in diameter and 140 mm in length. The ruminal bolus had a density of 2.3 g/cm³. During the onehour experiment the cow was haltered, tethered and fed hay. The fistulated cow with the magnetic detector system is depicted in Figure 1 . 
Discussion
With the magnetic detector system the localisation as well as the movement pattern of a ruminal bolus in cattle during a one-hour examination was recorded. The movement of the ruminal bolus occurred exclusively in the ventral sac. The calculated frequencies were lower than denoted in the literature. In future works the frequency results are validated by auscultatory findings. Further works will deal with the investigation of the movement of the ruminal bolus under different environmental conditions (e.g., rumination, controlled running, etc.) as well as with different geometry and dimensions of the ruminal bolus.
